Objectives: A retrospective study is made of the odontogenic infections treated in La Paz University Hospital (Madrid, Spain) during 2007 and 2008, with an epidemiological and microbiological analysis of a large group of patients. Study Design: A retrospective descriptive study was made, involving the consecutive inclusion of all patients with odontogenic infection requiring admission to our hospital in the period between January 2007 and December 2008. Results: A total of 151 patients were included, with a mean age of 40.3 years and a balanced gender distribution. The most frequently affected teeth were those located in the posterior mandibular segments, caries being the main underlying cause. Most isolates comprised mixed flora, particularly viridans streptococci, different species of Prevotella, Micromonas micros, and different species of Actinomyces. Susceptibility analysis of the microbial isolates showed a high percentage resistance to clindamycin (42.8% of all isolates), particularly among viridans streptococci. Conclusions: The use of antibiotics in head and neck infections requires updated protocols based not only on the existing scientific evidence but also on the epidemiological reality of each center. On the other hand, identification is required of the surgical factors determining infection and how they influence morbidity associated with this type of pathology.
Introduction
Odontogenic infections are the main cause of consultation in dental practice, and one of the main causes of consultation in primary care. Such infections affect individuals of all ages, and account for approximately 10% of all antibiotic prescriptions in Spain (1) . In turn, severe dental infections are responsible for many emergencies attended by oral and maxillofacial surgeons in the hospital setting. Despite the epidemiological relevance of these infections, few studies in the literature have examined their epidemiological and/or microbiological characteristics, and there is little scientific evidence supporting standardized protocols for the treatment of such pathology. The present study offers a retrospective analysis of the odontogenic infections treated in La Paz University Hospital (Madrid, Spain) during the years 2007 and 2008, conducting an epidemiological and microbiological analysis of a large group of patients with a view to defining adequate and up to date management protocols.
Material and Methods
A retrospective descriptive study was made, involving the consecutive inclusion of all patients with odontogenic infection requiring admission to our hospital in the period between January 2007 and December 2008. The data were obtained from the patient case histories. The study sample consisted of 151 patients that were included after confirming the following inclusion criteria: 1) the presence of severe odontogenic infections; and 2) the need for hospital admission. The usual criteria for hospital admission in this type of pathology include: trismus (defined as an oral aperture of under 40 mm), dysphagia, odynophagia, dyspnea, high fever (over 38ºC), worsened general condition or the need for hospital control of concomitant systemic diseases. One or more of these admission criteria were required for inclusion in the study. The basic diagnostic protocol included an anamnesis, exploration of the oral cavity, and the use of imaging techniques. Regarding the imaging techniques, and in addition to a panoramic X-ray study, periapical or occlusal X-rays were obtained in some cases to complete the diagnosis. Computed tomography with contrast injection was used when collections or abscesses were suspected. Emergency laboratory tests were also requested (complete blood count, coagulation tests and basic biochemistry). The management protocol was based on intravenous antibiotic treatment, with or without surgery. The first empirical treatment option used in our Department during the study period consisted of amoxicillin -clavulanate at standard doses (1 g every 8 hours via the intravenous route). Our second empirical treatment option consisted of the combination of clindamycin 600 mg/8 hours and gentamycin 240 mg/24 hours, and was used in cases of beta-lactam allergy and in subjects receiving outpatient treatment with amoxicillin -clavulanate for prolonged periods of time (over 7 days), in which the clinical course showed scant improvement. Patients receiving in-hospital treatment with amoxicillin -clavulanate and who failed to improve within 48 hours were switched to clindamycin plus gentamycin, or alternatively the latter antibiotic combination was added to amoxicillin -clavulanate, at the same described doses. Medical management was completed with intravenous corticosteroids at a dose of 1 mg/kg/8 hours, followed by a decreasing dosing regimen in those patients at risk of airway problems or dysphagia. Intravenous analgesics and antiinflammatory drugs were used, associated to gastric protection with a proton pump inhibitor. Surgery in turn was based on drainage of the underlying collection or abscess under local or general anesthesia. The causal tooth was removed in those cases where restorative dental treatment was ruled out. In patients subjected to the drainage of cervicofacial abscesses, a drain was placed in the anatomical space for several days. Samples for microbiological study were obtained in the case of purulent contents. The demographic data collected were patient age and gender, and parameters relating to the medical history and known allergies. Data on the outpatient course of the process were collected, along with the patient signs and symptoms at the time of admission, the tooth or teeth involved, and the underlying causal mechanism. The causal teeth were divided into 6 groups: upper anterior teeth, upper posterior teeth, upper third molars, lower anterior teeth, lower posterior teeth and lower third molars. Data in turn were collected on the duration of hospital stay, and the medical and surgical treatments provided. The microbiological variables included identification of the isolates and their drug sensitivity profile (antibiogram). The complications observed during hospital stay were also documented. Following hospital discharge, we collected information on those patients requiring readmission due to a non-satisfactory clinical course as evidenced on occasion of the ambulatory controls (Table 1). A Microsoft Excel spreadsheet and the SPSS version 12.0 statistical package were used for statistical analysis. A descriptive study was made of all the variables included in the study protocol. Likewise, statistical analyses were carried out using the Mann-Whitney U-test, the Kruskal-Wallis test, and nonparametric tests.
Results
During the study period, a total of 151 patients with complicated odontogenic infections were admitted: 81 males and 70 females, with a mean age of 40.39 years. Nineteen patients had medical antecedents affecting the integrity of the immune system. These included type 1 or 2 diabetes in 12 subjects (7.95% of the overall study series). Among the 17 patients with known drug allergies, 9 were allergic to penicillins or beta-lactams. Most of the patients (81.8%) presented a clinical course prior to hospital admission of less than 7 days, while 18.2% had presented symptoms for more than 7 days. A total of 104 patients received ambulatory antibiotic treatment via the oral route before admission to hospital (representing 68.9% of the global sample). In this subgroup, 77.9% of the patients received amoxicillin -clavulanate, either alone or in combination with another antibiotic. Regarding the underlying pathogenic mechanisms, the most frequent triggering cause was dental caries (51 patients, representing 33.8% of all identified cases), followed by post-extraction infectious processes (18 cases) and pericoronitis (9 cases) (Fig. 1) . In relation to the teeth implicated in the infection, those located in the lower posterior segments (premolars and molars) were involved in 61.5% of the cases (85 patients). The second most frequent causal teeth were the lower third molars (26.6%, 37 cases).
Regarding clinical presentation at the time of admission, 53 patients (35.1% of the total) showed trismus -this being the most common clinical sign. In turn, 35 patients (23.2%) suffered trismus associated to dysphagia. During hospital admission, the most frequent antibiotic treatment was the combination clindamycin -gentamycin (50 patients, 33.1%). This was followed in order of frequency by the combination amoxicillin -clavulanate (39 patients, 25.8%). The association of amoxicillinclavulanate and clindamycin -gentamycin was the third most frequent treatment (34 patients, 22.5%). In the rest of the patients we used other antibiotic combinations, including metronidazole, levofloxacin, piperacillintazobactam or penicillin (Fig. 2) . Of the total study sample, 131 patients (86.8%) underwent surgery in the first hours after admission, and following the pertinent complementary tests and confirmation of the need for drainage or extraction. In 39 cases (29.7%) surgery was performed under general anesthesia, while local anesthesia was used in 92 cases (70.2%). A group of 20 patients (13.2%) received only conservative treatment with antibiotics. As to the type of surgery involved, extraction of the causal tooth or teeth was carried out in 81 cases (61.8%). In 30 cases (22.9%), both extraction and collection or abscess drainage were carried out, while drainage alone was carried out in 18 cases (13.7%). At discharge, 75 patients (49.7%) were prescribed am- There was no statistically significant correlation between the antibiotic treatment used and the duration of hospital stay. Likewise, no significant correlation was found between the patients subjected or not subjected to surgery and the duration of hospital stay.
In the subgroup of patients readmitted to hospital (5 cases), the mean age was 36 years, with a mean duration or first hospital stay of 11.4 days. In all cases the reason for readmission was a non-satisfactory clinical course after discharge; reappearance of the abscess was ob- Table 2) . Regarding the detected antibiotic resistances, 45.2% of the samples contained one or more germs resistant to erythromycin, while the same percentage showed resistance to clarithromycin. A total of 42.8% of the samples contained one or more microorganisms resistant to clindamycin. In turn, resistance to tetracyclines was detected in 11.9% of the samples, while resistance to penicillin, ampicillin and cephalosporins was observed in 9.5% of the samples (Fig. 3) . The analysis of the microorganisms responsible for the high proportion of clindamycin resistance showed viridans streptococci to be implicated in 63% of all cases.
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Discussion
Odontogenic infections are among the conditions most commonly treated by oral and maxillofacial surgeons. These infections affect a large portion of the population, and can give rise to serious complications if not treated quickly and adequately. Thus, the importance of infections of dental origin is their high incidence and morbidity (1-3). In our series the mean patient age was 40.3 years, which is somewhat older than in other studies (3-6). In contrast to other series in which a male predominance has been observed (3, 5) , the two genders were equally represented in our study. Considering disease antecedents implying an altered immune system, our subgroup of patients with type 1 or 2 diabetes mellitus represented almost 8% of the total series, while in the general population the prevalence of type 2 diabetes is about 10-15% (6). In this subgroup of patients, the mean duration of hospital stay was 9.2 days, which was longer than for the global sample (4.24 days). As in other studies, diabetic patients were more vulnerable and were associated to longer mean hospital stays (7). In our study the most frequent cause of infection was dental caries (33.8%), followed by post-extraction infectious processes and pericoronitis. The most frequently implicated teeth were those located in the lower posterior segments (61.5), followed by the lower molars (26.6%). In contrast, other studies have found the lower molars to be the most frequent causal teeth (8) (9) (10) . This predominant location in posterior sectors could be due to the increased technical difficulty of restorative treatments in this zone, and to less thorough oral hygiene in the posterior regions of the oral cavity.
As regards clinical presentation of the infection, 35.1% of the patients showed trismus alone, while 23.2% suffered trismus associated to dysphagia -in coincidence with the observations of other authors (4, 7) . Despite the clinical importance of these signs and symptoms, they were not present in a large proportion of patients at the time of admission to hospital. In any case, long-evolving infections, a torpid clinical course, or the need to control other concomitant diseases in many cases make admission necessary even in the absence of such clear manifestations. During hospital admission, the patients were treated with intravenous antibiotics, and the majority also received surgery (86.8%) -mostly under local anesthesia (70.2% versus general anesthesia in 29.7%). Surgery usually consisted of extraction of the causal tooth (61.8% of the cases), with the association of collection or abscess drainage in 22.9% of the cases. According to the literature, surgical drainage is needed in 10-83% of all cases (4, 5, 10) . The indications of drainage are based on the clinical or radiological evidence of a collection or abscess. Abscess spread to more than one anatomical space, the risk of airway involvement, and the patient anesthesia risk are determinant factors in deciding to use local or general anesthesia. In our study, the most frequently isolated organisms were viridans streptococci (25.3% of all isolated germs). The identified anaerobes were different species of Prevotella (26.1%), Micromonas micros (10.3%), and different species of Actinomyces (8.7%). The normal oropharyngeal flora was thus seen to predominate, with a high frequency of polymicrobial infections caused by aerobes and anaerobes, in almost one-half of all the samples (47.62%). These results agree with those reported by other authors (1, (11) (12) (13) (14) (15) (16) (17) . The treatment protocol used in our center includes amoxicillin -clavulanate as first choice antibiotic therapy in disorders of this kind. However, in the present study the most widely used drug combination was clindamycin -gentamycin (33.1% versus 25.8% for amoxicillin -clavulanate, and 22.5% for both combinations together). This can be explained by the high percentage of patients treated with amoxicillin -clavulanate on an ambulatory basis during the period prior to hospital admission (40.4%), either alone or combined with other antibiotics. In these patients with clinical worsening despite treatment with an antibiotic for a prolonged period of time (over 7 days), our protocol contemplates a change in therapy -introducing clindamycin associated to gentamycin (i.e., the second drug treatment choice in our center). This protocol coincides with the drug treatment regimens of other studies in our country, which corroborate the suitability of these two antibiotics in the management of odontogenic infections (1, 17, 18) . However, no statistically significant correlation was observed between the mean hospital stay and the type of antibiotic administered, or treatment with or without surgery. Further studies are needed to define the epi-demiological, clinical and therapeutic factors with the greatest impact upon patient morbidity-mortality. The administration of penicillins (penicillin, ampicillin and amoxicillin) is considered to be useful for the empirical management of odontogenic infections, as described by other studies published in Spain and particularly in other countries (1,4, 12-14, 17,19) . The advantages of such treatment are based on its appropriate spectrum, few side effects and low cost. However, some studies have alerted to an increase in the incidence of beta-lactam resistant organisms, particularly betalactamase producing anaerobes and viridans streptococci, which are frequently found in odontogenic infections (1, 7, 15, 16) . In this study, penicillin and ampicillin resistance was found in 9.5% of the samples. Many studies describe clindamycin as the treatment of choice among patients with allergy to beta-lactams, or as a second drug option following treatment failure in patients administered penicillins (1, 4, 12) . The drug offers good activity against anaerobes (with the important exception of Eikenella corrodens), Streptococcus and methicillin-sensitive Staphylococcus. However, a number of studies have reported an increase in clindamycin resistance among anaerobes and viridans streptococci (1, 17, 20) . According to Kuriyama et al. (10) , the clindamycin sensitivity rate for this latter group of bacteria is 54%, while the drug shows good activity against anaerobes -particularly against certain species of Prevotella (12, 20) . In our study, resistance to clindamycin was recorded in 42.8% of the samples analyzed -viridans streptococci in particular being responsible for 63% of all such cases.
In conclusion, the use of antibiotics in head and neck infections requires updated protocols based on the existing scientific evidence relating to pathogen profile and resistances. On the other hand, identification is required of the surgical factors determining infection and how they influence morbidity associated with this type of pathology.
